- Challenges for Electronics in the
~ Vision for Space Exploration*

@ Outline

- Background - Radiation Effects on Electronics
s Uniqueness of Exploration Systems Missions
— Types of missions
— Comparison to traditional missions
+ Electronic Parts and Exploration
‘ Electronics Radiation and Reliability Issues that
Exploration
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@/ Radiation Effects and Spacecraft

s Critical areas for design in
the natural space radiation
environment

— Long-term effects causing
parametric and /or functional
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@ Displacement Damage (DD)

+ Cumulative long term non-ionizing damage
due to protons, electrons, and neutrons
- keV to MeV range
+ Electronic Effects
— Production of defects which results in

@/ Single Event Effects (SEEs)

s An SEE is caused by a single charged particle as it passes
through a semiconductor material
— Heavy ions (cosmic rays and solar)
|+ Direct ionization
- Protons(trapped and solar)/neutrons (secondary or nuclear) for
mlﬁvo devices
+ Nuclear reactions for electronics
Mwm are sensitive to direct ionization
erest: Mmmytumfor(LET) The amount of
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@/ Uniqueness of Exploration Systems
Missions

+ The Vision for Space Exploration creates a new paradigm
for NASA missions

- Trmpor! (an Exploration Vehicle — CEV), and

Summary of Environment Hazards for
Electronic Parts in NASA Missions
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Discussion of the Hazard for
Electronic Parts and Exploration

« As can be observed from the previous chart,
Exploration Systems faces a unique electronic
parts challenge not only for radiation exposure,
hallenges as well.

than recent human presence

@/ Types of Electronic Parts for
Exploration

« One may view electronic parts for Exploration as meeting needs in
three categories
- Standard electronics

- snndﬂ'd building blocks
E.I-. Fhlll Pmnmmabh Gate Arrays (FPGAs)
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A Critical Juncture for Space Usage -
Commercial Changes in the Electronics World

+ Over the past decade plus, much has changed
in the semiconductor world. Among the rapid

changes are: G
o Scallng of technology s _s
lnemudgahleelldonsltyper unitarea(@as > ¢ « /
well as power and thermal densities) i . ///m

Are you prepared for
what lurks below 130nm?
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@/ Implications for Electronics in Space

* With all these changes in the Typical Chip Cross Section
semiconductor world, what are the

@ Sample Modeling Shortfalls
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urrent Status of Radiation Knowledge
Maturity for Electronics

@/ Approach to Electronic Parts
Assurance for Exploration

s What follows is a recommended four-prong approach
alliances to existing programs
— The main alliance is with the NASA Electronic Parts and
Packaging (NEPP) Program (OSMA) that provides limited
ground-based technology evaluation and Parts Assurance on
a “One NASA” basis.
mm generic technology issues that are NOT specific to a
but of general NASA interest
dget is ~ ¥ of FY2000 levels due to cuts and full-cost
d is complementary to NEPP
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@ Parts Management and Control

s Support coordination, management, and control of
electronic parts as related to Exploration Missions

+ Support infrastructure issues required for successful

@ Reliability Test and Analysis

Goal: Provide dedicated infrastructure to support new and
existing device evaluation

— Provide a quick-turn capability for performing failure analyses
on technologies of interest to Exploration

— Keep wnluatlon capabilities on par with commercial
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@/ Radiation Effects Test and Analysis

+ Goal: Provide dedicated infrastructure to support new and
existing device evaluation for radiation specific issues
— Provide a quick-turn capability for gathering radiation
knowledge on technologies of interest to Exploration
— Keep evaluation capabilities on par with commercial
; cost-effective evaluation of space-specific issues

@ Evaluation of Technologies
Specific to Exploration

+ Goal: Provide evaluation
of technologies of specific
interest to Exploration

— High and cold temperature

— Nuclear exposure, etc.

i
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Electronics and Radiation Environment

Investment Areas

. :Jnderstanding extreme value statistics as it applies to radiation particle
mpacts
~ Small probability risk analysis (if 1 in 1e9 particles can cause an effect, how do
we test, model, and interpret for system risk?)
. Syshm Radiation Risk Tools
Interpreting device effects at the system level

MW Two-Photon Absorption Laser

@/ Summary

* This presentation has been a brief snapshot
discussing electronics and Exploration-related
challenges.

- Radiation effects have been the prime target, however,
parts mﬂabmty issues must also be

“Mmdodgmdwlth a 3-5 year lifetime
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